Enterovirus 71 (EV71) has caused large-scale epidemics with neurological complications in the Asia-Pacific region. The C4a and B5 strains are the two major genotypes circulating in many countries recently. This study used a new protocol, a motor coordination task, to assess the differential pathogenicity of C4a and B5 strains in human SCARB2 transgenic mice. We found that the pathogenicity of C4a viruses was more severe than that of B5 viruses. Moreover, we discovered that an increased level of monocyte chemoattractant protein-1 was positively correlated with severely deficient motor function. This study provides a new method for evaluating EV71 infection in mice and distinguishing the severity of the symptoms caused by different clinical strains, which would contribute to studies of pathogenesis and development of vaccines and antivirals in EV71 infections.
Enterovirus 71 (EV71), belonging to the family Picornaviridae, has emerged as a neuroinvasive virus responsible for several outbreaks in the Asia-Pacific region (Ho et al., 1999) . One of the major illnesses -hand, foot and mouth disease -is associated with severe central nervous system failure, mainly in infants and young children. Through phylogenetic analysis, EV71 viruses have been classified into three major genomic groups (A, B and C) (Li et al., 2012) . In the past decade, both C4 and B5 strains were predominantly involved in pandemics in the Asia-Pacific region, including in China, Taiwan, Japan, Malaysia, Thailand and Vietnam (Luo et al., 2015) . In Taiwan, the predominant genotypes were C4a in 2004 -2005 , B5 in 2008 -2009 , C4a in 2010 and B5 in 2011 (Luo et al., 2015 . In China, large outbreaks have occurred since 2007, mainly because of C4a (Zhang et al., 2013b) . In addition, a common phenomenon during EV71 outbreaks is the coexistence of mild and severe cases. A recent analysis of clinical manifestations such as pharyngeal vesicles and ulcers showed that patients infected with C4 had significantly more severe clinical symptoms than did those infected with B5 (Wu et al., 2013) . However, the differences in pathogenesis between C4a and B5 viruses are still unclear. Thus, the development of a suitable mouse model for revealing the differential pathogenicity of currently spreading EV71 strains is imperative.
A recent study indicated that human SCARB2-transgenic (hSCARB2-Tg) mice are suitable models for studying the pathogenesis induced by non-mouse-adapted EV71 strains and for developing vaccines and antiviral drugs (Fujii et al., 2013) , because the pathological features in these transgenic mice were generally similar to those of EV71 encephalomyelitis in humans and experimentally infected monkeys. However, the differential pathogenicity of currently spreading strains (C4a and B5) in hSCARB2-Tg mice is still unknown. In our previous study, the clinical scoring method was used to determine symptom severity in ICR mice infected with the mouse-adapted EV71 strain MP4 (Chen et al., 2016) . By contrast, the beam-walking and beam-balance tasks have been widely used to investigate (Chang et al., 2003) . Additionally, no studies have investigated virus-induced neuroinflammation by using the beamwalking and beam-balance tasks. In this study, we examined the appropriateness of using the beam-walking and beambalance tasks for evaluating EV71 infection-related motor decline to reveal the differential pathogenicity of C4 and B5 strains. We also compared the performance of the infected mice using both the beam-walking and beam-balance tasks as well as the clinical scoring method.
The hSCARB2-Tg mice were provided by Professor Satoshi Koike (Tokyo Metropolitan Institute of Medical Science) (Fujii et al., 2013) . Optimization of the scoring method to assess the severity of EV71 infection was imperative. We first established the motor function method to assess the severity of infection by clinically isolated EV71 strains. The mice were injected with an non-mouse-adapted EV71 strain (C4a or B5) isolated at the Chang Gung Memorial Hospital and grown in human rhabdomyosarcoma (RD) cells.
After intraperitoneal (i.p.), intramuscle (i.m.), intra-left ventricle (i.l.v.) or intracerebral (i.c.) challenge, mice were monitored over 2 weeks to measure clinical scores and motor function scores and to investigate changes in body weight. For the clinical scoring measurements, the scores were determined at the time points indicated after EV71 infection as previously described (Chen et al., 2016) . The clinical scoring method used five clinical parameters to assess motor function and movement behaviour. The clinical scoring system was as follows: 0, healthy; 1, ruffled hair and hind limb weakness; 2, paralysis in one of the hind limbs; 3, paralysis in both the hind limbs and fast movement of fore limbs; 4, paralysis in the hind limbs and forelimbs and inability to move; and 5, death (Table S1a , available in the online Supplementary Material). For motor function scores measurements, the motor function task consisted of seven clinical parameters that assessed motor function and walking behaviour (Flierl et al., 2009) . The specific measurements were the inability to walk along three 32-cm-long beams of width 3, 2 and 1 cm; inability to balance on a 32-cm-long cylindrical rod of diameter 0.5, 0.7 and 1 cm; and inability to walk in a straight line. One point was added for each failed task (Table S1b ). This task was conducted 2 days after viral infection, with repeated testing once a day for the next 21 consecutive days.
We first inoculated transgenic mice of different ages with each strain by using different routes for both clinical scoring and motor function scoring. Most of the experimental mice are born naked with closed eyes, which open approximately 14 days after birth. Thus, the mice aged less than 14 days were unable to perform the motor function task. According to our findings, this infection did not induce any changes in clinical scoring. No clinical symptoms were observed in mice with viral infection via the different infection routes, Table 1 . Clinical scores and motor function experiments in hSCRAB2-Tg mice after EV71 infection Mice were infected by i.p., i.m., i.l.v. or i.c. challenge with the C4a or B5 strain of EV71 at the dose indicated. After viral infection, the mice were observed daily for 2 weeks and scored using both clinical score and beam-walking and beam-balance tasks. NS We analysed dose-related changes in motor function at each time point indicated in C4a and B5 virus-infected hSCRAB2-Tg mice (14 days old) (Fig. 1a) . Most of the mice showed a score of 1 at day 0 in each group. In the group of mice infected with C4a strain, the score was 3 at day 9 post-infection (p.i.) with a low dose (1Â10 6 TCID 50 ). The score increased from 4 to 5 between days 5 and 9 after infection with a high dose (4Â10 6 TCID 50 ). The scores increased dose-dependently. For the group of B5 virus-infected mice, the score was 0 at day 9 p.i. in the low-dose group, and the score increased from 4 to 5 between days 5 and 9 p.i. in the high-dose group. This phenomenon was consistent with the observations in the mouse body weight growth curve (Fig. 1b) . A comparison of the growth curves of the mice infected with these two strains showed that the group infected with C4a showed a higher growth retardation than the group of mice infected with B5 did.
After the mice were infected with a low or high dose of the virus, we measured the expression levels of monocyte chemoattractant protein-1 (MCP-1) and IL-1b in their brain tissue and serum using commercially available immunoassays (Duoset ELISA Development Kits; R&D Systems) according to the manufacturer's protocol. In the C4a virus-infected group (low and high dose), the expression levels of MCP-1 and IL-1b were higher than those in the negative control group (mock infection) in the specimens collected from brain and serum (Fig. 1c, d ). However, a comparison of data from the C4a group and B5 group showed that although both MCP-1 and IL-1b could be detected in the C4a-infected group, only IL-1b could be detected in the B5-infected group. We also detected both C4a and B5 viral particles in the brain tissue of virusinfected mice (Fig. 1e ). Tissues were harvested and homogenized using a mechanical homogenizer in serum-free Dulbecco's modified Eagle's medium. At the p.i. time points indicated, TCID 50 titres were determined in RD cells. These data suggest that the mice were successfully infected with EV71 strains using these infection protocols. This study, therefore, demonstrates that the motor functional assay offers a method to distinguish the differential pathogenicity of the currently spreading EV71 strains in hSCARB2-Tg mice.
The clinical scoring method was used to determine the severity of symptoms in ICR mice infected with a mouse-adapted EV71 strain MP4 (Chen et al., 2016) ; however, this method was unsuitable for mice infected with clinically isolated EV71 strains because the mice infected with clinically isolated strains show very mild movement behaviour symptoms. Thus, a new, sensitive method for the determination of movement behaviour in infected-and non-infected groups of mice is needed. This study provides a new protocol -a motor coordination and balance task -to measure the differential pathogenicity of currently spreading EV71 strains in hSCARB2-Tg mice. To date, several common mouse models for EV71 infection have been reported, including the neonatal mice model, immunodeficient mice model and wild-type mouse infected with mouse-adapted virus strains (Khong et al., 2011; Liao et al., 2014; Wang et al., 2004 Wang et al., , 2011 . However, neonatal and immunodeficient mice have limited utility for anti-EV71 drug or vaccine testing because of their immature immune responses (Khong et al., 2011) . Alternatively, although host adaptation (such as a mouse-adapted EV71 strain, such as the MP4 strain) is a well-known strategy to improve the infectivity of a virus in a non-natural host, it bears the disadvantage of biasing the natural tropism of the pathogen. By contrast, the pathological features in hSCARB2-Tg mice were generally similar to those caused by EV71 in humans with encephalomyelitis and experimentally infected monkeys (Fujii et al., 2013) . Additionally, although a further investigation into the decline in motor coordination with EV71 infection is necessary, the brain-infection-related decline in motor skills is still not established. Thus, we first established a suitable animal model, hSCARB2-Tg mice, to investigate the pathogenesis of clinically isolated EV71 strains using the motor coordination score method.
Enhanced cytokine production has been proposed to contribute to EV71-mediated neuroinflammation and neurological disorders (Wang et al., 2008; Wong et al., 2008) . It has a pivotal role in mediating the neuropathological effects of EV71 infection, including neuronal death . Thus, we sought to identify viral particles and cytokine levels in the brain tissue of infected mice. Both infectious particles and cytokines were evident in the brain areas being examined at all stages of C4a-and B5-infection. Additionally, studies have shown that MCP-1 and IL-1b play a key role in neuroinflammation during EV71 infection (Griffiths et al., 2012; Wang et al., 2008) . In EV71 encephalitis with cardio-respiratory compromise, elevated IL-1b level is a marker of poor prognosis (Griffiths et al., 2012) . Overexpression of MCP-1 in the central nervous system compartment appears to play an important role in the aggravation of the neuroinflammation response to EV71 (Wang et al., 2008; Zhang et al., 2013a) . In this study, a comparison of data from the C4a group and B5 group showed that although both MCP-1 and IL-1b could be detected in the C4a-infected group, only IL-1b could be detected in the B5-infected group. Our data revealed the positive correlation between a high level of MCP-1 and the severe deficiency of motor function. Our animal model supports the clinical observation that patients infected with C4 had significantly more severe clinical symptoms than did those infected with B5. This report provides not only a new insight regarding the motor functional task method for evaluating motor function in virus-infected mice but also a method to distinguish the severity of pathogenesis of different virus strains.
